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Introduction
Measurement of maximal oxygen uptake (VO 2MAX ) is a criterion procedure in the evaluation of cardiorespiratory fitness (Fletcher et al. 2001; Wasserman et al. 2005) . While VO 2MAX refers to the capacity of the human body to increase its energy metabolism during maximal exertion, maximal workload (W MAX ) reflects also neuromuscular performance (Nickleberry and Brooks 1996) . During incremental dynamic exercise oxygen uptake and performed work depend on each other (Dennis and Noakes 1998), and although VO 2MAX limits W MAX , VO 2MAX is rather a result than a cause for performed work. Thus cardiorespiratory capacity can also be assessed by W MAX achieved in a cycle ergometer exercise test (Wasserman et al. 2005) . Moreover, clinical exercise testing has diagnostic and prognostic value, and it also includes evaluation of the hemodynamic response during exercise (Fletcher et al. 2001; Gläser et al. 2013; Tavel 2001) .
Repeatability for measures obtained from maximal exercise tests in children has been rarely reported, although agreement analysis is needed to guarantee valid interpretation of the exercise test findings. There is only one published report on the agreement of measures received from treadmill exercise tests among healthy children (Johnston et al. 2005) , and there are no such studies using a cycle ergometer. Moreover, agreement of maximal cycle ergometer tests with respiratory gas analysis (CE D r a f t 4 We hypothesized that there may be some discrepancy between the results of CE and CE RGA tests. Thus, to facilitate valid interpretation and to identify factual changes between CE and CE RGA tests, it is important to investigate whether respiratory gas analysis itself has an influence on the maximal level of the exercise test or has an effect on achieved maximal workload or hemodynamic response in healthy prepubertal children. We therefore studied the agreement of W MAX and hemodynamic responses to exercise between CE and CE RGA tests to evaluate whether the respiratory gas analysis affects maximal performance and measures during the maximal test among children.
Methods

Subjects
The present data are based on baseline examinations of the Physical Activity and Nutrition 
Hemodynamic measurements
Systolic blood pressure (SBP) was measured using an aneroid sphygmomanometer (Heine Gamma G7, Herrsching, Germany). Heart rate (HR) was recorded continuously from pre-rest to post-rest using the Cardiosoft system. SBP and HR used in the analyses were measured 1) at the end of the prerest, 2) while sitting on the ergometer before the test, 3) 15 seconds before the end of the warm-up, 4) as close as possible to exhaustion (highest measured SBP and highest recorded HR), 5) soon after exhaustion (SBP immediately after exhaustion and HR 30 seconds after exhaustion), 6) two minutes after exhaustion, 7) four minutes after exhaustion and 8) at the end of the post-rest. During incremental cycling SBP was measured at 2-minute intervals. SBP or HR response refers change from pre-rest to highest SBP.
measured with the InBody 720 device (Biospace CO. Ltd, Seoul, Korea) to an accuracy of 0.1 kg after an overnight fast on the same day as the CE tests. Standard deviation scores (SDS) for BMI were calculated using age-and sex-specific reference data (Saari et al. 2009 ) to characterize the study sample.
Respectively, the prevalence of overweight and obesity was assessed using the age-and sex-specific BMI cut-offs of the International Obesity Task Force (Cole et al. 2000) . The independent samples T-test for normally distributed variables and the Mann-Whitney U-test for variables with skewed distribution were used to assess the similarity of bias between sexes.
Statistical analyses
While hemodynamic bias and measures were similar in girls and boys, we performed the hemodynamic agreement analyses only in the entire study sample of children.
Results
Characteristics
Characteristics of children are presented in Figure 1 ).
Heart rate
HR values were similar between the CE and CE RGA tests except for HR at rest before exercise (Table 3) . At rest before exercise HR was significantly lower in the CE RGA tests as compared with the CE tests. Bias, LAs and CV%s for HR were at appropriate levels after pre-rest and were the best in maximal exercise. ICCs in HR measures were significant ( The observed CV% for W MAX (5-6 %) was not only acceptable (<10 %) but also similar to that reported for VO 2MAX from treadmill exercise test among children (5-11 %) (Figueroa-Colon et al. 2000; Johnston et al. 2005) or among trained adults (3-8 %) (Bagger et al. 2003; Lourenço et al. 2011; Midgley et al. 2007) or for VO 2MAX from cycle ergometer exercise test among cardiac patients (4 %) (Meyer et al. 1997) . It is remarkable that while maximal exercise tests were performed without and with respiratory gas analysis, maximal performance consistency was similar (5-6 %) to a situation in which both tests were performed with respiratory gas analysis (5 %) (Johnston et al. 2005 ).
There is no explanation why respiratory gas analysis would improve the achieved W MAX that was observed in our study among girls. Previously significant improvement in VO 2MAX has not been found in repeated tests, suggesting that learning effects do not contribute to results among children while using a methodological combination of a treadmill and respiratory gas analysis (Eiberg et al. 2005; Johnston et al. 2005) . On the other hand, the currently observed trend towards a better maximal D r a f t performance (mean difference: 2-3 ±6%) was similar to earlier observations among children (3 ±5%) and untrained adults (2 ±6%) who used a treadmill and respiratory gas analysis in both tests (Johnston et al. 2005 ). Therefore, we can assume that respiratory gas analysis per se would unlikely affect performance in the maximal exercise test. However, an explanation for the significant improvement in girls remains obscure. In the earlier studies ( While HR had best agreement at maximal exercise, HR measurements during sub-maximal exercise, i.e., during warming up or cooling down periods showed acceptable agreement including consistency and predominantly good reliability. In general, HR measure biases were minimal, demonstrating satisfying trueness. Thus, methodology should not confound results if performing comparisons of groups using HR averages. However, precision, consistency and reliability got slightly worse at lower exercise levels and lower heart rates. At rest, especially at pre-rest, HR agreement was poor. This was reflected by weak reliability as indicated by low ICC (<0.60) and poor consistency as suggested by high CV% (>10% This is the first study on the agreement between two maximal cycle ergometer exercise tests in children. We had larger study sample compared with earlier studies assessing agreement or relationships between exercise tests, which were performed by treadmill (Eiberg et al. 2005; Johnston et al. 2005) . Moreover, our cohort represented a uniform prepubertal age group, and maturity related variation should not confound the current results. We also performed agreement analysis for SBP measures, which have not been published previously. Furthermore, the study scheme including order of exercise tests was planned to serve clinical practice. Circadian variation should be taken into account as a potential limitation of the study because the CE test was performed before noon and the CE RGA test was performed in the afternoon. HR generally tends to be lowest in the morning and at highest in late afternoon (Drust et al. 2005 ), but circadian rhythms should not affect the HR (Cohen 1980) hemodynamic response in maximal exercise (Reilly et al. 2000) and neither cycling performance (Dalton 1997). We observed significant differences in pre-rest HR levels, but the observed difference was the opposite compared with that presented by Drust et al. (2005) .
We conclude that maximal cycle ergometer exercise tests, which were performed first without and thereafter with respiratory gas analysis, had an acceptable agreement for W MAX and for maximal HR, which justifies consecutive use of these tests in the clinical practice and enables use of similar references for those children who use or might refuse to use a mask during exercise testing.
However 
